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FOREWORD
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and was succeeded by Maj Emest E. McConnell of the Pathology Branch.
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INTRODUCTIGN

Oxygen difluoride is a strong oxidizing agent of considerable
interest as a rocket fuel component. However, there is substantial
hazard to persons involved in handling it. The first demonstration
of inhalation toxicity of OF, was reported by La Belle in 1945
(ref. 11). Since this time other workers have determined lethal
dose concentrations for monkeys (ref. 6), dogs (ref. 6), rats
(refs. 5, 6, 12), and guinea pigs (ref. 5). When histological
pathology was reported, such things as pulmonary edema, pneumonia,
and damage to the alveolar epithelium and to some extent the bron-
chiolar epithelium (ref. 12) were noted.

In most cases of sublethal concentrations, there was little
or no effect until some hours later, at which time the animal de-
veloped severe respiratory symptoms and often died. This led Dost,
. etal. (ref. 7) to postulate, based on the solubility of oxygen
difluoride, that this gas passes through the cell membranes and
acts internally to destroy the cell.

Since intracellular changes and changes in thz layers of the
alveolo-capillary wall are impossible to visualize with light
microscopic techniques, it seemed appropriate to study a group of
animals exposed to oxygen difluoride using the grezter magnification
available with the electron microscope.

MATERIALS AND METHODS

White laboratory rats were randomly divided into groups of 10.
Immediately prior to the exposure, half the animals in each experi-
mental group were injected with 1 cc of 3% ferritin solution via the
femoral vein under local anesthetic.

Exposures were made in a Rochester exposure chamber with pre-
diluted OF, gas as previously described (ref. 6). This chamber was
modified sO that rats were held in two smaller chambers, each of
which could be independently removed without altering the exposure.
OF, concentrations were continually monitored with a MSA billionaire.
The attempted levels of exposure were the 60-minute LC/50, 2.6 ppm
(ref. 6). Actual levels as measured during exposure were a high of
5.3 ppm, a low of 2.6, and an average of 4.5, the minimal lethal



dose (ref. 6) The exposutes for each group were:

Experimental Group Exposure Length Sacrificed

30 minutes Immediately
60 minutes Immediately
60 minutes 1 hr. post-e»p.
€60 minutes 2 hr. post-exp.

W N

Control Group Sacrificed

Cl Not injected
immediately.

C2 30 minutes
after injection.

C3 60 minutes

C4 120 minutes

CS 180 minutes

To allow for adequate time to harvest arnd process tissue,
two exposures were made on succeeding days. Groups 1 and 3 were
exposed on the first day and 2 anc 4 on the second day. Four injected
and two uninjected controls were kxlled the first day and four injected
controls, the second day.

In each group, 6 of the 10 animals were randomly selected
for study. At necropsy, animals were anesthetized with intraperi-
toneal injection of pentobarbital. The thoracic cage was opened,
the right apical lobe was ligated and removed for electron microscopy.
The remaining lung was slowly re-expanded with phosphate buffered
10% formalin to just less than its original volume in situ using a
syringe and blunted 20 G hypodermic needle. The trachea was ligated
and the heart, lung, esophagus, and trachea removed en masse and
suspended under 10% phosphate buffered formalin. Heads, kidneys,
and livers were also fixed in formalin.

Tissues were prepared for light microscopy using standard
methods of paraffin embedding and consisted of coronal sections of
lung, kidney, and heart, coronal sections of the head through the
middle ear and the nasal cavity, and a piece of liver. Heads were
decalcified in RDO.* Slices were cut at 4 microns and stained with
hematoxvlin eosin. Tissues for electron microscopy were diced into
r mm cu - s and fixed in 6% glutaraldehyde in isotonic phosphate

*Dupate Kinetic Laboratory, Downer's Grove, 1llinois.
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buffer. Elapsed time form sacrifice to fixative was not more than

S minutes and usually averaged 3 minutes. After 2 hours in glutaral-
dehyde, the tissues were postfixed -for 1 hour in 1% osmium in
acetate veronal buifer. They were then dehydrated in acetone and

. propylene oxide and embedded in an araldite/enon mixture of
plastic. The resulting blocks were cut with diamond or glass

knives using a Porter Blum II Microtome. Silver to dull grey
sections were picked up on 75/300 slotted or 200-mesh grids,
stained in lead followed by uranyl-acetate and viewed in a Philips
EM-300 Electron Microscope.

RESULTS

Of the four animals in each group not used, all of Group 2,
3, and 4 died within 3 days and those of Group 1 showed signs
of respirat ory distress for 2 days and then recovered. Gross
lesions occurred only in the Groups 3 and 4 animals and consisted
of patchy areas of hyperemia and possibly edema. These were
minimal but definite. Microscopic lesions were not found.
Epithelium of the nasal mucosa was regular; ihe cilia were undis-
turbed (figs. la and b). The lungs also showed no changes in the
ciliated ‘epfthelium of the air passages nor in the pneumocytes of
the alveoli (figs. lc and d). Even in Groups 3 and 4 where mild
gross changes were apparent, no lesions were found.

Electron microscopic studies revealed a number of changes even
as soon as 30 minutes of exposure. Changes occurred in the lining
of small blood vessels, in the alveolar-capillary wall, and in the
Type II cells. The changes were similar but patchy in occurrence
at all stages, and as exposure of post-exposure period progressed, or
the changes appeared more widespread and more extensive.

For the purposes of comparison, the first three figures are
from contro! lung. The normal alveolar-capillary wall consisting
of two very narrow cell layers separated by a thin basement membrane
is shown in figure 2. A small blood vessel lined with normal appear-
ing endothelial cells appears in figure 3. Figure 4 illustrates a normal
Type II cell containing lamellar bodies with their structured interior
of densely staining lamellae.

After 30 minutes exposure to oxygen difluoride, a number of
alterations appeared. In a number of areas the endothelial cell
appeared fluid filled (fig. 5 & 6) and the inner membrane protruded
far into the lumen of the capillary. Fluid also appeared in the
basement membrane between the epithelial and endothelial cell
layers (fig. 7). There was blebbing and rarification of the cyto-
plasm of tne epithelial cell (fig. 7) and occasionally seen was
discontinuity of the epithelial cell (fig. 5). On the rare
occasions that this was nkseirved 1t was accompanied by indistinct



Figure

Figure

Figure

Figure

1a

1b

Ic

1d

Coronal section of the nasal cavity of a rat
exposed to OF, for 60 minutes and sacrificed
1 hour post-eXposure. No evidence of damage.

High power of ciliated epithelium of rat in
Figure la. Completely undamaged cilia.

Low power micrograph of lung from rat sacri-
ficed 1 hour following 1 hour exposure.
Note lack of pathology.

High magnification of lTung shown in Figure lc,

9x

700X

80X
325X






Figure 2 Normal alveolar-capillary wall. Capiliary
lumen (CAP), alveolar space (ALV), endothelial
cell (END), epithelial cell (EPI), red blood ,
cell (RBC) basement membrane (BM). 31,250






Figure 3 Normal small blood vessel. Elastic Tissue
(EL), mitochondria (M). 25,5600X






Figure 4 Normal lamellar body (LB) in a Type II Cell e
(11). - 31,250X
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Figure 5 30-minute exposure., Fluid in basement
membrane. 31.,250X
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Figure 7 30-minute exposure. Epithelial cell blebs
and rarified cytoplasm, 31,250%

16






“wooly or fuzzy! cell membranes. Occasionally, there was 4 minimal
amount of exudate in widely spaced alveolar spaces. The lining of
the small blood vessels appeared 10 contain large vacuoles at the
base of most of the endothelial cells {fig. 8). The lamellar bodies

of the Type 11 epithelial cells appeared to have 1ost much of thelr
intemal structure {fig. 3}. The mitochondria were normal, and in
fact, nowhere i the sections examined did they appear abnormal.

After an exposure of 1 hour, the changes noted at 30 minutes
were seen more frequently. Again, there was blebbing of the
capillary endothelium {fig. 10), and of the epithelium (fig. 11},
There was slightly more alveclar exudate {fHyg. 10). The lining of
the smail blood vessels was more extensively vacuolated than at
30 minutes with the lining thrown into great folds {{ig. 12). The
lamellar bodies w rre devoid of internal structure and the émpty sacs
appeared larger than normal size bodies {fig. 13). At this time
a4 small amount of interstitial edema could be seen, but it was
limited in cuantity and sparsely located. Also 3t this Umz the
indistinet or "fuzzy” epithelial cell membranes with thelr agparent
discontinuities were observed more often than at 30 minutes ex-
posure {fig. 14},

One hour following sixty minutes exposure t¢ oxygen diflucride,
ail the alterations appearing at earlicr intervals were present.
There were many endothelial blebs (fig. 15, 16) alveolar exudate
{fig. 16}, "fuzzy" epithelial cells {fig. 15), extensively vacuolated
endothelial lining of small blood vessels {fig. 17) and empty
lamellar bodies {{ig. 16}.

In addition, & number of plateiets appearsd in the capilisries
and in the small blood vessels {fig, 18). Blso at this time, definite
breaks occurred in the capillary endothelium { fig. 19).

A1 2 hours postexposure, the piciure was about the same with
endothelial blebs (fig. 20}, and breaks in the endothelium {fig. 21},
"fuzzy" partially destroyed aveolar-epithelium, empty sacs in place
of lamellar bodies (fig. 20) and some interstitial edema,

Tissue from animals injected with ferritin was also examined,
but not enough ferritin remained after the exposure to provide con-
clusive results conceming small leaks in or sarly compromise of
the capillary or smail blood vessel lining.

DISCUSSION

The changes observed were not thoss expected. The early
alterations were, indeed, indicative of inoreased {luid accunmulation;,

18



Figure 8 30-minute exposure. Small blood vessel.
note large vecucles and rarified cyteplasm
of endothelial lining cells. g,700X
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Figure 9 30-minute exposure. Loss of internal structure
of lamellar hodies within Type II epithelial
cells. 31,250X
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Figure 10

60-minute exposure. Endothelial blebs
partially obst-ucting capillary lumen.
Minimal alveolar exudate (*). Disruption of
Type I epithelial cell plasma membrane (+)
and distortion of surface (+).
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Figure 14 f0-minute exposure. "Fuzzy" epithelium. 17,100X
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Tigure 15 1 hour post-exposure. "Fuzzy" epithelium. 20,250X












Figure 17 1 hour post-exposure. Type II ceil with
enlarced emnty vesicles in place of lamellar
bodies. CUytoplasm very condeniea 20,250%
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but increased mainly intracellularly, not extracellularly. The
blebbing of both the endothelial and epithelial cells is surely
caused by increased fluid as are the large fluid filled vacuoles in
the endothelial lining cells ot the small blood vessels. At this
point, however, the organizm is still able to handle tha increased
fluid and there are apparently no major leaks or breaks in either
the capiilary or small blood vessel walls even though occasional
discontinuities do appear in a few epithelial cells. The only
extra-cellular fluid apparent was a very small amount in the
basement melabrane and an occasional alveolus containing some
exudate. No interstitial edema of any significance was noted
after 30 minutes exposure. Platelets, often indicative of small
capillary lzaks (ref. 1) were not evicent at this time.

After 60 minutes exposure, the same types of changes were seen
as at 30 minutes, but the blebbing was more extensive as was the
vacuolization ¢ the endothelial lining of the small blood vessels.
Extracellular fluid had increased somewnat in the form of more
alveoli containing exudate and in some scattered patches of inter-
stitial edema. Of note at this time was the increase in occurrence
of the indistinct or "fuzzy" appearance of the epithelium with
its concomitant loss of continuity. This appeared to be a corrosive
change of the epithelium, an vnexpected change, which had its be-
ginning early in exposure, certainly as early as 30 minutes. At
1 hour post-exposure, this deterioration was even more marked and
often the epithelium appeared to form a row of vesicles. At the
same time, the endothelium was undergoing changes and it, t0oo, had
now lost its integrity in some places. As if to mark the compromise
of the alveolo-capillary wall, paltelets now appeared in the capil-
laries. These also appeared in the small blood vessels, very
possibly indicating small breaks in that acea. At 2 hours post-
exposure, the Jungs exhibited a similar picture with the damage
more widespread and more extensive.

Throughout the exposure, evidences of intracellular damage were
sought, but none appeared except for tne increase in inrtracellular
fluid. Changes in cellular organelles, especially in the mitochon~
dria were expected as occur in oxygen (refs. 8, 10) and ozone
(ref. 2) exposare, but were not observed. Dost et al. (ref. 7)
suggested that the action of OF, was intracellular, and that it
possibly destroyed cells intemazlly, but left their extemal
structure intact and therefore still observable by light microscory.
No evidence to support this theory was found. The only organelles
consistently altered were the 'amellar bodies of the Type II
epithelial cells. These are reportedly the source of surfactant
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(ref. 12) and a'terations in this most important substance could

lead to such things as atelectasis, as the alveoli lose their

ability to remain patent. Atelactasis was repcrtea by Lester ana
Adams (ref. 12) using S-minute 20 ppm exposures. The interesting
feature of the Type II ceil is that its cell menbran~ remains in-

tact whereas the interna. membranes of the lamellar body are
destroyed. Also, the Type II cell membrane remains while the Type I
cell and the endothelial cell membranes are greatly disrupted.

As is s0 often the case, this investigation has undoubtedly
raised more questions than it has answered. However, we do know
that exposure to CF, causes progressive destruction tc¢ lung tissue
which does not c2ase when exposure ceases. Early damcge is nani-
fested promarily as increased cellular fluid as evidenced by
rarified cytoplasm, large fluid-filled blebs and vacuoles. These
early changes are quite similar to those observed with other lung
toxicants, e.g., oxygen (refs. 4, 8, 9, 10) ozone (ref. 2) smog
rei. 3) and nitrogea oxide (ref. 14). At this stage the OF
may be acting as Dost has svggested, by passing intact into the
cell where it acts oa the cytoplasmic membrane altering iis
permcability. owever, it would then seem that the cellular
organelles shculd also show alteration. I would, therefore,
suggest that the OF, passes intact into the capillary where it acts
on the endothelial cytoplasmic membranes and also on the lining
membrares of the small ..lood vessels. Not ali the OF, passes into
the blood suream, however, s.nce the epithelial cells aﬁso show
some rarification of cytoplasm and blebbing. The main injury to
the epithelial cell has begun before 30 minutes exposure and
continues increasing in severity up to two honrs post-exposure.
This type of destruction is more eesily linked to a corrosive
action &. OF,. slowly converts to HF. Oxygen difluoride, then, acts
first on membranes, altering their permeability o1, in the case of
the lipid rich membranes of the lamellar bodies, destroying them
completely. The residue, over a period of time, converts to HF
both on the alveolar side and the capillary sice and destroys
both the epithelial and endothelial cells,

The expected profuse 2dema of the alveoli and interstitium was
nct seen. In fact, the tissue appeared quite "dry", with much of
the alveolar exudate being more debris than fluid. Perhaps sacri-
ficing animals at a later time post~exposure might have revealed
mcre edema, but this study was designed to seek the earliest changes.
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As for the light microscopy, fii.ding no lesisns using paraffin-
embedded sections and the light microscope after a minimal LC100
is not surprising during t*2 first hour post-exposure, and has
been previously described by Dost (ref. 7) when minimal lethai
doses are given. Lester and Adams (ref. 12), as previously stated,
using five-minute 20 ppm exposures reported minimal changes at
five minutes post-exposure ccnsisting of congestion and atelectasis.
Petechial hemorrhages occurrad at one hour. Microscopically, they
described a purulent response. In our 2xperience !n previous ex-
pos'res, a purulent response is not typical, and the possibility
of an infectious pneumonia in these rats must be considered. The
method of fixation, for light microscopy, instilling fixative via
the trachea under pressure, could have masked the early minimal
changes noted grossly. The changes noted in tissu.. fixed for electron
microscopy, by immersion, would tend to indicate that this is
indeed the case. -
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